ABSTRACT: Populations of Helix pomatia L. in Poland have been commercially exploited since 1951; the snails are mostly exported. The growing interest in the Roman snail on the European market has resulted in its increased exploitation, in some areas leading to a considerable decrease in its abundance. Introducing export quota in 1964 did not prevent overexploitation. Precise assessment of abundance and distribution of the Roman snail populations in areas where it is exploited is necessary. In 2009 the team from the Faculty of Biology, Adam Mickiewicz University in Poznañ, conducted a preliminary assessment and mapping of the abundance and distribution of the Roman snail populations in Kujawsko-Pomorskie voivodeship. Most populations showed a low density. From scientific point of view the most reasonable solution would be to suspend exploitation in 2010 and continue monitoring, while decisions to issue permits for limited exploitation should be postponed till 2011. It would enable a more detailed estimation of the non-exploited populations and an assessment of losses resulting from exploitation of controlled reference populations. In this way acceptable limits of annual commercial collecting could be set for particular parts of the voivodeship.
INTRODUCTION
The Roman snail (Helix pomatia Linnaeus, 1758), the largest terrestrial snail in the country, is the only commercially exploited mollusc in Poland. Its exploitation started after World War II, in 1951. It was initiated by the Forest Production Cooperative "LAS", and initially included the Poznañ, Bydgoszcz and Wroc³aw voivodeships (URBAÑSKI 1963 , STÊPCZAK 1976 . The growing interest in the Roman snail on the European market caused its increased exploitation and expansion of the exploited areas (STÊPCZAK 1976) . In 1961-1974 the annual export to France and partly Germany was ca. 300 tons of snails (STÊPCZAK 1976) . Only live specimens were exported, and no attempts at processing were made in the country.
The exploitation was the greatest in Lower Silesia (ca. 31% of the country's yield), in the region of Szczecin (ca. l5%), in Wielkopolska (9.6%) and the environs of Zielona Góra (8.3%). The yield from the area corresponding to the present-day Kujawsko-Pomorskie voivodeship was nearly 3%, which made it the tenth snail harvest region in the country (STÊPCZAK 1976) . Already in 1960 Already in -1963 the increasing intensity of the
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Roman snail exploitation in Poland caused a decline or even disappearance of the species in some areas (BIULETYN CIS 1962 , URBAÑSKI 1963 . In response to this situation the Central Inspectorate for Standardisation issued new export standards, the acceptable size being shell diameter exceeding 30 mm (till 1963 snails above 28 mm were purchased). At the same time the collecting season was limited to May. The standards were introduced in 1964, and are still in force.
Considerable changes in the management of the Roman snail resources took place in the 1980s and after 1990. Development of processing in Poland and cessation of export of live snails, suggested much earlier (STÊPCZAK 1976) , had a favourable effect. The other changes were and still are negative. Numerous firms were established, dealing exclusively with Roman snail exploitation and processing, and seeking fast profit. As a result the Roman snail exploitation in many regions became very intensive. This was favoured by frequent unemployment periods when many people started collecting the snails in order to obtain even a very small income. The number of people owning cars also increased, and the snails could be delivered to the purchase centres from increasingly greater distances and in larger quantities.
In view of these facts it became necessary to assess the abundance and distribution of the Roman snail populations in the areas where it was exploited. The results should make it possible to determine the acceptable exploitation quota of this partially protected species, at the level not dangerous to the natural populations.
On the commission of the Regional Administration of Environment Protection in Bydgoszcz the team from the Department of General Zoology, Natural History Collections and Laboratory for Nature and Biology Education, Faculty of Biology, Adam Mickiewicz University in Poznañ, conducted a preliminary assessment of abundance and distribution of the Roman snail populations in Kujawsko-Pomorskie voivodeship. The results provide a starting point for constant monitoring of abundance and distribution of the species in particular communes of the voivodeship planned for 2010-2015.
MATERIAL AND METHODS
The studies included all the communes in Kujawsko-Pomorskie voivodeship. Field work was conducted from May 3rd till July 2nd 2009. At least three sites of potential occurrence of the Roman snail were selected in each commune, based on satellite maps, and then verified in the field. Additionally, other potential sites were checked during field work. In each site all observed individuals were collected from an area of 1-2 ares during 10 minutes. It was assumed that a team of 3-4 people could collect up to 35% of all snails present in the examined plot. Usually, a single collector can collect 15-20% of individuals in the area (STÊPCZAK 1976) . The individuals were counted, weighed, their size was noted (within standard versus below standard ratio) and divided into mature (growth terminated) and juvenile, based on the presence/absence of lip. The snails were then released in the col- 
RESULTS
SPATIAL STRUCTURE OF THE ROMAN SNAIL DISTRIBUTION IN KUJAWSKO-POMORSKIE VOIVODESHIP
Out of more than 280 plots verified in the field, only 53 yielded 30 and more individuals of the Roman snail. In the remaining plots single individuals were observed; few plots yielded from several to about a dozen snails. No H. pomatia was found in 105 of the all examined plots. Fig. 1 presents the five categories of density in individual communes. Three distinct groups of communes with rich Roman snail resources (more than 30 individuals/1 are) could be distingished in Kujawsko-Pomorskie voivodeship in the studied period.
The first and largest group includes the communes of the south-western part of the voivodeship (arrangement of communes alphabetical): Barcin, D¹browa, D¹browa Biskupia, Dobre, Inowroc³aw, Janikowo, Janowiec Wielkopolski, Kcynia, Kruszwica, £abiszyn, Mogilno, Piotrków Kujawski, Radziejów, Rogowo, Strzelno, Z³otniki Kujawskie,¯nin. The second group includes communes located in the north-eastern part of the area: Bobrowo, Dêbowa £¹ka, Golub-Dobrzyñ, Jab³onowo Pomorskie, Kowalewo Pomorskie, £asin, £ysomice, P³u¿nica, Radomin, W¹brzeŸno, Zbójno. The third and smallest group includes three communes in the eastern part of the voivodeship: Bobrowniki, Fabianki and Lipno.
Besides, considerable Roman snail resources were found in communes D¹browa Che³miñska, Koronowo, Pakooeae, RogoŸno, Sooeno, Szubin, with populations of a density from 4 to 13 individuals/1 are. Only single individuals of the Roman snail were found in the remaining communes during the inventory.
LOCATION OF PURCHASE CENTRES AND SPATIAL DISTRIBUTION OF ROMAN SNAIL RESOURCES
The information on the purchase centre distribution in Kujawsko-Pomorskie voivodeship in 2001-2008, obtained from the Regional Administration of Environment Protection in Bydgoszcz, served to select the communes with Roman snail populations which were abundant enough to make commercial collecting profitable. (Fig. 3) . They concentrated mainly on the margins of the voivodeship. The central part, which according to the inventory has no commercially valuable Roman snail populations, is also devoid of purchase centres. Table 1 cyn (10). In communes Mrocza, Sadki, Toruñ and Pakooeae nine purchase centres were opened. Twelve communes had 7-8 purchase centres each, and 13 communes -4-6 purchase centres each. Communes with three purchase centres were the most numerous -32. The remaining 20 communes had 1-2 purchase centres each.
CHARACTERISTICS OF SELECTED ROMAN SNAILS POPULATIONS IN KUJAWSKO-POMORSKIE VOIVODESHIP
Among the 281 examined plots in Kujawsko-Pomorskie voivodeship, 175 held Roman snail (62%). Only 53 plots (19%), with 30 individuals each, can be regarded as commercially interesting (Table 2 ). In 105 plots (37%) only one to ten individuals were found. In 105 plots no Roman snail was found (Fig. 7) .
The Roman snail density in 40 plots selected among the richest plots in Kujawsko-Pomorskie voivodeship ranged from six to 62 individuals per 1 are (mean 23.33±14.50). Adult indviduals in these populations reached a weight ranging from 18.4 to 27.7 g (mean 22.29±2.21). In these populations on average 36 to 54 individuals (mean 45.4±4.3) were needed to harvest 1 kg of Roman snail.
The age structure in the examined populations varied. Adults dominated in 27 populations (68%), while the proportion of juveniles varied among populations and ranged from 11 to 80%.
The proportion of snails with shell diameter exceeding 30 mm and snails below the standard size in the studied populations was also assessed. The proportion may indicate dwarfing or predominance of slender, high-spired individuals which may be a side-effect of selection during intensive exploitation. In most of the examined populations the proportion of adults below the standard size did not exceed 20%; it ranged from 0 to 53%. Only in three populations (Mierucin, £opienno, Wielgie) a tendency to dwarfing was distinct, with small adults (<30 mm) exceeding 30%.
DISCUSSION
The greatest problem at present is the estimation of the actual abundance and biomass of Roman snail over a large area of Kujawsko-Pomorskie voivodeship. All the previously used methods were very imprecise. The first (and only) attempt at an assessment of the Roman snail resources in Poland was STÊPCZAK's (1976) study. Based on the UTM square grid (25 × 25 km) and the number of Roman snail localities in each square, the author presented the density of Roman snail records in the whole of Poland. The basic data for the map of the density of Roman snail records were derived from inquiries in schools and purchase centres, as well as from literature and collections of the Department of General Zoology, Adam Mickiewicz University. STÊPCZAK (1976) distinguished four categories of locality distribution, from no or very rare occurrence of the snail to six or more records per square. It seems that the method is biased, because of the uneven collecting effort in individual squares, ignoring the propotion of adequate Roman snail habitats in each and the absence of direct verification of the inquiry results. The data should thus be regarded as tentative. The number of records in each square does not reflect the population density or fluctuations in population abundance. However, the comparison of current observations and STÊPCZAK's (1976) results, presented by KO£ODZIEJCZYK & SKAWINA (2009) for the northern part of Mazovia, shows that they are well compatible. Their observations suggest that in the studied area the Roman snail is very rare and has shown no expansion tendency at least for 35-45 years.
The greatest problem with the estimation the Roman snail resources is the lack of studies on the precise boundaries and real abundance of its populations. The estimates based on single samples do not provide a basis even for a rough estimate of the snail's abundance and biomass. It is practically impossible to gain such information without prior ascertainment of the area occupied by the population and precise whole-season observations of marked individuals. It is not exactly known if within an area exceeding 10 ha the snail forms a large metapopulation or several isolated populations.
Collecting has a significant impact on the density of snail populations, and it affects different age classes in different ways (ANDREEV 2006) . Based on studies in Moldova, ANDREEV (2006) found that the mean density of exploited Roman snail populations could drop even seven times. Literature information on the de-120 Jerzy B³oszyk et al. gree to which collectors limit the abundance of natural populations is scarce. The absence of these two basic pieces of information makes the exploitation quota inaccurate, since they are issued each year, based only on a very rough assessment which may even lead to local extinctions of the species. It should be borne in mind that Roman snail plays an important role in terrestial ecosystems, providing food and shelter for a large number of invertebrates and vertebrates (UVALIEVA 1990) . Depending on its abundance, it accelerates the litter decomposition even up to several times (STRIGANOVA 1975 (STRIGANOVA , 1980 , and produces considerable quantities of soil-fertilising faeces. It is estimated that the snails occurring in 1 ha, with a biomass of 34 kg, are able to consume more than 650 kg plant biomass during their entire active period (TUØCEK 1970a, b) .
The main aim of the study was to assess the Roman snail resources in Kujawsko-Pomorskie voivodeship and express an opinion on their possible commercial exploitation. Is the Roman snail common in the voivodeship? Its frequency in the samples, 81%, obtained in our inventory, seems to indicate that it is common. According to our results the low density of Roman snail in most of the studied populations (usually single individuals were found) indicates that from the scientific point of view the most rational solution would be to suspend commercial exploitation in 2010 and continue monitoring, while issuing permissions for limited collecting should be postponed till 2011. This would make it possible to assess the non-exploited populations in more detail (population structure, abundance, density etc.), and then estimate the losses caused by exploitation in selected, monitored populations. This in turn would make it possible to set acceptable quota of annual commercial collecting for various parts of the voivodeship.
At the same time, considering social and economic factors, it was decided, for the communes with rich Roman snail populations (Fig. 1 , communes marked with brown), to issue purchase permissions for 2010, for quantities not exceeding the quantities of Roman snail bought by the purchase centres of 2008.
If climatic conditions in the spring-summer season of 2010 proved favourable to the Roman snail (high humidity, optimum temperature, rich herb vegetation), in 2011 it would be possible to issue permissions to harvest the snail at the same quantity. However, it will be impossible to assess the Roman snail resources and possibly suspend exploitation or determine its quota in 2012, without comparative studies estimating the effect of exploitation in the previous years. It is recommended to continue monitoring for at least four years i.e. the minimum period required by this year's hatchlings to reach commercial size.
Further detailed studies are necessary, especially on the real assessment of Roman snail resources in Poland and functioning of its populations in various conditions. They will not only make possible actions to protect the species, but also to specify precise quota of commercial collecting to prevent overexploitation.
